Microhernias of colonic mucosal glands through the muscularis mucosae are common in human and nonhuman primate colons, and are related to submucosal lymphoid nodules. In nonhuman primates they have been shown to play an important role in the spread of inflammatory diseases from the lamina propria to the submucosa by allowing the infective agents to pass through the muscularis mucosae.
As in man, the alimentary tract of nonhuman primates is richly endowed with lymphoid tissue; lymphoid nodules are particularly prominent in the lamina pripria of the small intestine and in the submucosa of the colon. In the latter site they are contiguous to the overlying muscularis mucosae, which often shows a defect at this point. Frequently, mucosal glands protrude through this defect and occasionally may extend far enough into the lymphoid tissue to form a microdiverticulum or microhernia ( fig. 1 ). Such microhernias have been reported in normal and inflamed human and nonhuman primate colons [3, 4, 51 , and an extensive survey of primate colons has shown that these lesions play an important role in the pathogenesis of inflammatory colonic diseases.
Materials and Methods
This study was based on examination of sections of colon from 320 nonhuman primates necropsied over a period of 14 years by the Pathology Departments of the Zoological Societies of San Diego and London, and the Yerkes Regional Primate Research Center, Atlanta, Georgia. Samples of colon were taken from normal and diseased areas, fixed in formol saline, and embedded in paraffin. Sections were stained routinely with hematoxylin and eosin (HE). A small quantity of normal material also was available from animals used in toxicity trials and for other research purposes. 
Results
Microhernias were found in 20 different species of nonhuman primates; these included great apes, New and Old World monkeys, and prosimians. The inflammatory diseases encountered were morphologically similar to those seen in man, and could be divided broadly into those confined to the lamina propria and those which, while affecting the lamina propria, also involved the submucosa extensively and usually to a greater degree. Few specimens showed heavy involvement of the lamina propria and a moderate involvement of the submucosa, and the role played by the muscularis mucosae in protecting the submucosa from encroachment of diseases from the lamina propria was apparent [l] . There was abundant evidence that these microhernias played a major role in the spread of inflammatory disease from the lamina propria to the submucosa by allowing the infective agent access through the muscularis mucosae. Pyogenic infection was spread in this way ( fig. 2) ; polymorphonuclear leukocytes were seen in dilated glands in several hernias, a process leading to the formation of abscesses and post-inflammatory fibrosis in the submucosa (fig.
Parasites, usually nematodes, sometimes penetrated the muscularis mucosae. They also were seen within hernias, however, ( fig. 4) , gaining access to the submucosa and deeper layers. Protozoal colitis in nonhuman primates was morphologically similar to that in man, with early flask-shaped ulcers undermining areas of normal mucosa.
3). Necrosis of tissue was a feature of colitis caused by Entamoeba histolytica and Balantidium coli, and while the former protozoa never were seen in a microhernia, the presence of necrotic material in these structures in proven cases of amebic colitis suggested strongly that the infective agent had penetrated them. The ability of Two monkeys had nonspecific, chronic, inflammatory lesions involving the submucosa predominantly, and bearing some resemblance to Crohn's disease in man [2] . The lesions in both appeared to be related to microhernias, suggesting that the causal agent, if any, had gained access to the submucosa by this route.
Occasionally, intact microhernias were found in the presence of severely destructive inflammation of the lamina propria. This finding indicated that the microhernias may, at times, be responsible for inhibiting rather than facilitating the spread of disease by this route (fig. 6 ). Finally, the practice in the Yerkes Center of taking multiple blocks of tissue from uninvolved as well as diseased colons indicated that microhernias are more common in diseased than in normal colons.
Discussion
These studies confirmed the role played by the muscularis mucosae in inhibiting the spread of inflammatory disease from the lamina propria to the submucosa of the colon. They also showed that mucosal microhernias through the muscularis mucosae allow infective agents to gain access to the submucosa and to produce disease. Lymphoid tissue of the alimentary tract is composed predominantly of B lymphocytes, which are responsible for the production of humoral antibodies. Consequently, the extension of inflammatory diseases from the lamina propria to the submucosa may be governed by the ability of the lymphoid tissue of microhernias to elaborate humoral antibodies against the respective causal agents.
Microhernias develop from normal microanatomical structures, namely the submucosal lymphoid nodules and overlying defective muscularis mucosae, and are more common in diseased than normal colons. Therefore, the presence of greater numbers of microhernias may subject animals to those inflammatory diseases that involve the colonic submucosa.
